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‘ NATIONAL -ADVISORY OGMMITTEE FOR AXRONAUTIOS

mmcgn:qdn anonaxnug'no. 1061,

ANALYSIS oF EXPEEIHENTAL INVESTIGATIONS OF THE PLANING .
\ PROGESS ON THRE SURFACH OF WLTER*

) . By W. Sottorf

Pressure distribution and epray measurenents were
carrlied out on rectangular flat and V—bottom planing
surfaces., Lift, resistance, and center—of-pressure data
are analyzed and it 1s shown how these values may be
computed for the pure planing process of a flat or V-
bottom surface of arbitrary beam, load and speed, the
method being 1llustrated with the aid of an example.

SUMMARY

Flat and V-bottom longitudinally straight planing

‘surfaces are investigated. Tor such surfaces the total

reslstance nay, for a given 1ift, be separated into a
normal and frictionsl component. The analysis of the
tests leads to representations of the 1ift and center—of—
pressure posltlon as functions of the aspect ratio of the
pressure area with the Froude number, which characteriges
the effect of gravity, as parameter. While the fric—
tlonal resistance coefficlent 1s egual "to that given dy
Prandtl for the.turbulent boundary layer with preceding
laminar layer. .For high Froude numbers, for which the.
contridbution of gravity. to the 1lift 1e negliglbly small,
there 1s shown to be an .agreement between the planing
surface-tests and the 1ift on flat alrfoils on the under
side. The deviagtions from the Wagner theory for short ’
rlates at large aspect ratlos are considerable though
Justified by the conditions neglected in the theory.

With the aid of a working chart a number of practi—

_cal_examples are computed that provide the answers to

several imporfant questions. ¥or the case of the flat
plate the width of the plate, which 1s always the full
width of the planing. surface has an effect on the re—
sistance—load ratio in that the latter- becomes more
favorable with increasing width.

*fAinalyse oxperimenteller Untersuchungon dber den Gleit—
vorgang an der Wasseroberfl&che." Jahrdbuch 1937 der
deutschen Luftfaurtforschung, pp. I.-330 ~ I 339.
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With regard t6 the load effech, on ‘mccount of the
impairnent in the aspect ratio, there is an idpairment
in the reslptance~load ratio with increaslng load..

With regard to the effect of the speed, however,
on account of thé improvement in the aspect ratlo with
lncreasing dynamic pressure above. the first resistance
maxinum, there is an improvement in the resistance—load
ratlo vith increasing speed.

‘e ‘tests for the.scale effect show that there 'is
similarity of 'the pressure surfaces and predsure dis—
tribution and that “tHeé effect of the scale. is.given only
by the dependence. of thé friction coefficient on the
Reynolds number,. Only for’ very small dimensions and
loads of the planing surfacés does ton—similarity occur
in the flow conditions because of the sffect of surface
tenslon.

The impairment 1n the resistance~load ratlo by the
effect of the V bottom is also shown. With regard to
the effect df the width it 1s found for the V bottom
that at smagll load or ‘high dynamic pressure and with the
"natural width," which is lees than that of the planing
surface, an optimum .width ocours which is to be deter—
mined for each particular case.

'Inmnonvcrxow

_ Hhen,uith the development of airéraft, the invest i~
gation and development of seaplane floats ‘were added to
the usual problems of the towlng tank, theré was a lack
of theoretlcal as well as experimental underlying bases
for evaluating the test results, A first expériment with
& flat planing surface was carried out in 1912 in England
at the Yilligm Froude Laboratory and a report was pre—
sented by Baker and Millar (meference 1), who, however,
did not continue any further work of fundamental investi-
gation, In order to create a sufficiently wide basis,
tests on planing surfeces have been conducted by the
author since 1928 at’ the.Hamburg Ship Construction .
Hxperimental Inetitute. Starting with teats- on a flat
rectangular planing surface which served for the stuly
of the planing process and its effect on the fluid s.r—
face the test program was later extended Bo that wriwars
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could de furnished to the most Important guestions arie—
ing for the constructor and ressarch englneer: namely,
the effect of the beam, loading, speed, and V angle on
the resistance and the effect of the scale in applying
the model test results to the full-scale design. These
questions nay be answered from the resultes of planing
surface tests insofar as the pure planing conditlon is
being considered, this ocondition being clharacteriged in
a float by the breaking away of the water at the step
and slde edges of the portion of the bottom in front of
the step and also by the breaking of the water contact

at the stern, (See reference 2.) The results were
partially published in the following yeare (reference 3).
Meoanwhlle, sinpge & theoretical treatment of the actual
Planing process that takes all conditions into account
does not appear possible, Wagner (reference 4)-concerned
himself with the limiting cases of the planing process
(high speed planing-neglecting gravity, and infinitely.
emall trim angles) and by the applicaition of the airfoil
comparison, presented an approximate experlmental method
that enabled him to determine the forces and wetted sur—
face of the flat plate with emall aspect ratlo also for
finlte trin angles. The comparison of the first test re—
sults of the author with the Wagner theory showed that in
the range of emall aspect ratios rough agreement was ob—
talned vhile for large aspect ratios the deviatlion from
the theory was considerable. Wagner ascribed- -this devia—
tion to the effect of gravity. Sambraus (reference 5)
carrlied out supplementary tests at higher spesds at the
Pruesian Ixperimental Institute for Ship Constitution in
order to test the Wagner theory also with neglect of -
gravity for higher aspect ratlos. From his result
Sembraus concluded that the Wagner theory holds true at
high planing speeds for all aspect ratios. Shoemagker
(reference 6) likewilse extended the range of investiga—
tion by touing a series of flat and V—dottom planing
surfaces in the NACA tank.

In the take-off of a seaplane the low-speéd planing
stage, during which gravity exerts a considerable effect,
is of equal importance with the high—speed planing stage.
The analysis, presented in this paper, of all the
author!s ovn teats as well as those of Sambraus and
Shoemaker, lsads to a clear explanation of the effect of
gravity and hence to the representations of 1ift, re—
sistance and center of pressure, and with the aid of this
analysis these values may be numerically determined for
flat and V—bottom planing surfaces of ardbitrary beam and
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arbitrary loading and speed for the condition of pure

Planing, : :
NOTATION

A total 1ift = load (kg)

Adyn dynemic 1ift (kg)

Agtat static 12ft (kg)

G total weight (kg)

\ § resistance (kg) .

Wy normal resistance (kg)

Wy frictional resistance (kg)

S propeller thrust (kg)

Z towing pull (kg)

N nornal forces (kg)

b tongentianl force (kg)

Y statle displacement (n®)

B 10ad reduction (kg)

Mp st moment about the lateral axis through step (trail—
ing edge for flat surface, after end of keel
for V—bottom surface) (mkg)

v speed (m/s)

Vm mean veloclty of the water along the planiné
surface (m/s)

Yo mean vertical velocity of the mass of water dis—

placed (m/s)

Y = v/Ygb Froude number referred to a fixed dimension

of the .body
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* = v/Jg tA._/I'Y)!;! Froude number referred to a length
corresponding to the load

R =vlifv Reynolds number

€ = W/L "Planiﬂg;ﬂﬁmber“'resisténcb—load ratilo
ca' = load coefficlent
A -
ca = ;i- ." 11f% coefficlent of the airfoil
q o : .
. - A "
" = T3 1ift coefficient of the planing surface

Cq = —=- derived 11ft coefficient of the planing surface

" i

ep”* = ———ppm— load coefficient
(4/¥)""" q
A

Cp = — load coeffilcient e
baq_

L) :
ep, ce! = — frictional coefficient
q

Cph = hh‘if moment coefficlent
YD
oh® = HP St 175  woment coefficient
A (A/Y)
q = p/2 va3, dynamic pressure (kg/m3)
p - density (kg 83/m+4)
Y specific weight (kg/m®)
v kinematic viscosity (m3/s)
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P+ Payns Patat  -Pressure (kg/m2) . ™ ~ 7 Lo

Pn

bst

bnat

>

re

‘o

mean pressure on "pressure area' (kg/m?)

mean 1ength of wetted aurface (m)

mean length df presaure area for V—bottom planing
surface (m)-. - : :

distance of center of pressure from tralling edge
of planing surface (m)

local elevation (m)

wetted suffaée} also breaauré area for flat'plan—-
ing surface (m=2)

.projection of gresaure area for V-bottom ﬁlaning

surface {(m?
wing area (m3)
beam of planing surface
%eam of float at step (m)

natural width of pressure area for V—bottom sur—
face (m)

distance of fountain from trailing edge of plan—
ing surface (m)

trim
scale of model .
dead rise angle

Y.-angle
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EIPERIHEHTAL PROGIIUBE

¢ - -

Meaaurement of the Forces

ey TN Te . L EY

Heasurements were made on the 1ift, resistance,
and noment about a lateral axis. The three—component
measuring gear 1s schematically shown in figure 1. The
resistance tension wire leade forward from the point
Po, through which passes the axis .of the model head,
to ‘the dynamometer. The resistance measurement .1s made
by means of a recording pen and coarse welght, the
spring force being determined from the record of the
spring extension, the -spring having been previously
calibrated. A consbtant weight serves to maintain the
tautness of the tenslion member. The calibration wire,
in addition, takes up by means of & stop the inertia
force that 1s set up on the model on braking the Low—
ing carriage. At equal distances from P, there are
attached the vartical tension wires leading to the
moment beam:; With the aid of a sliding welght the
moment applied to the model and hence the trim angle
may be varied, At P, there 1s attached an additional
vertical wire that leads to the unloading beam. By
varying the sigze or the position of the sliding weilght
the load on the model is reduced so that the remaining
welght corresponds to the loading deslred. One of the
reversing wheels 18 formed as a gear wheel and to thils
is attached by means of am coupling, a winch by means of
which the model at the end of each test run is lifted
from the water in order to remove it from the following
vaves and utilise the time of the return trip of the
carrigge for quieting the water surface.

At the start of each test run the model 1s re—..
leased only when the dynamic 1ift 1s sufficilent to
avold an undercutting of the leading edge of the plenw
ing surface.

The draft and trim of the model were determined
from two draft scales attached to the wheels of the
‘moment:- ‘balance.,+  The ‘setting -for a given trim angle 1is
obtained by displacement of the e8llding welght of the
moment balance and reading of an angle—indicating device.
Damplng when required 1s exerted at the dynamometer
lever (damping of longitudinal oscillations) and at the
slide)of the moment balance (damping of veriical oscilla—~
tlons ).
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* The relative alr velocity at the location of the
model is, on account 6f the closed carriage and two air
scoops, practically equal to zero so that the air re—
slstance of the model is ngeligibly small also at high
speeds, The measurements are therefore purely hydrody—
namiceal,

The preliminary tests were conducted with flat
glass plates in -order that the forward boundary line .of
the wetted surface might be determined. This boundary
line under all speeds, loads, and trim angles had the
shape of & very flat arc. In the subsequent tests
there were therefore employed plates, some of aluminum
and some of wood, glass strips being inserted at one—
quarter width so that the mean value of the wetted
length could be read off. In the case of very -wide and
V—bottom surfaces several glass strips were used. :

The model was suspended without crowding so that
all the errors in measuring the draft, trim, and longi~
tudinal displacement of the model were negliglbly small..
insofar a8 they were not eliminated by the calibration
iteelf or by having the wires run on circular segments
‘where regquired.

Pressure Distribution Measurement

For taking the pressure distribution measurements
the planing surface was provided with about nilnety
measuring stations which were arranged in three longi-—
tudinal sections and a number of transverse sectlons,
Figure 2 shows a measuring station in cross section.
The free opening of the orifice is 2 millimeters in
dlameter. The glass tubes over the oriflces are held -
fixed in position by means of a short pipe constructlon,.
In taking the measurement the planing surface is held
fixed at the trim determined during the resistance
measurements, the measurements being conducted with the
water surface smooth. The heights of the water columns
are narked. It was checked to see whether there was a
poesible interference effect of adj)acent orifices by
closing the orifices with plasticine in the check runs
and keeping only one orifice open. No appreciecble dif-
ferences were observed. Check measurements with 1
millimeter free opening of the orifices showed, on .ac—
count of the stronger throttling of the liquld columns,
e 8naller fluctuation.
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" For obtaining the pressure distribution it was
‘necessary .to make sdveral test ‘rung.-at each trim angle,.
slight speed differences which affeédted the ldading on
the adjusted plate being found unavoldable. The meas—
dring accuracy 1is to be estimated ‘at about 5 pereent
of Ah,.

THEORBTICAL BASIS OF TESTS

For a surface in ateady planiﬂg motion on a quiet
frictionless fluld surface (fig. 3) the Bernoulli law
may be applied taq all the atreamlines including the
diyiding strdamline, -

a -
12_+3_+g g = constant (1)

The pressure p 18 assumed to be composed of the
static pressure pygy,; due to the weight of the fluid

and the portion Payn due to the dynamic effects. The
statlic 1ift is therefore’

Agtat = cos Gf Pgtat 4T (2)

and for a flat rectangular planing surface may approxli—
‘mately be set equal to -

i - -]
Botas = YV =¥ 222 . . (3)
(gmv + o Cosw 1/ uph 4°-]

if the wetted length ! is determined during the test,
it being assumed that the rise in level at the neighbor—
_hood of the planing sirfdce is8. constant.

- N

. The dynamlc 11ft is

.Ld_yn = ¢co8 Gf Pdyn daF ‘4)
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and according t6 the momentum law 1s' equal to the time
rato of change.of momentum of the mass of water ianvolved

Logn = 21270l (5)

The total 11ft of the planing surface is thus
A = Agtat + Adyn (6)

In the case of a viscous fluild the streamlines .
and velocltles, in splite of the boundary layer occurrilng,
agree approximately with those of the frictionless flow,
differing only in the appearance of an additional tan—
gentlal force T,

Owing to the effect of the finite width there is set
up at the edges a cross flow with lateral pressure drop
which for sufficiently large values leads %6 a separa—
tion of the water also at the side edges.

In the pure planing phase .characteriged by the
separatlon of the water at the tralling and side edges
of the planing surface the resistance of a flat surface
as voll as of all surfaces that are longitudinally
stralght and without twilst 1s glven by

T
cos a

=WN+WB=.A.ta.na.+ (7)

Thé normel resistance

¥y = 4 tan o (8)

is pfoportional to the load and the trim angle bdut in—
dependent of the speed, while the frictional resistance

T
cos o

VR = =T =o' ¥ q (8s)

is proportional to the wetted surface and the dynamic .

[

pressure, the friotion coefficient op' being a function’
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of the Reynolds number B = ¥1/v and depending on .the
‘hature-of ‘the boundary layer .as.well.zs.qn.the rough—
ness of the surfaca.

anSUrms'dr'mnm TESTS AND APPLICATIONS
L (A) mhe Flat Planing Surface
(1) Besults of‘the Preliminary Teste with Flat

Planing Surface

¥or the preliminary test on the flat rectangular
planing surface average relatlons-were chosen wlth re—
gard to beoamy load, and speed,’ FTigure 4 shows a )
logarithmic plot of the beam at step bgy as a func-

.t1on of thp flying boat weight @, or G/2 in the'caee
of the twvin—floa} seaplane, the load coefficient <!

being taken as parameter. .Selecting from the mean range
a.beam -bgt = 1.800 meters and with G = 5.185 t and

ca! = 0,889, furthermore s mean airfodl 1if}

A =rcyg F q = 1296 kilograme,? 1indépendent of the trim

angle and assuming.a model Bcale .A = 6, then the modsel
beam 1s -bgy = 0,300 meter, the corrosponding welght

G = 24 kilograms and the hydrodynamic load at v = 6
meters pbr second — an average speed in tke spoed range
in which tho sepplane float executes 'a pure planing
motidon ~ A* = 18 kilograms, then bg = 0.109 &and E*

= 3,74, The trim angle range of interest is a = 2°

to 10°.

) Reeietanbe; moment. center of pressure,  and etatic
Clift .~ On figure 5 -are plotted the non—dimensional values
€, cmn*, 1/v, P/l and, Aggpt/A a8 functions of a.

~Tan o r0presente the lower limiting value of the re—
‘sistaice~1640 6@ Torent ~¢ ~tf mwocording-to equation
(7) the frictional resistance Wp," 'on the assumption

of frictlionless fluiled, becomes gero, Since with in—
creasing trim angle o the ratio of the frictional

log = 1.2 and T = 80 m® corresponding to 65 kg/m3
surface loading,
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portion of :the'resdlebtancé  Wp to the total resistance

v rapidly ‘decreasds on account of the strongly deécreas—
ing wottod area F, as may be seen from the trend of
1/b, the ¢ curve apprOaches asymptotically the value
tan @ and for o > 10° may be replaced approximately
by tan @. -Another -asymptote-1s the axis of ordinates
since F and hence vy approach infinity a8 o —> O.

The position of ‘the minimum lying between the asymptotes
is dotormined by the .ratio.of .the frictional to the
total resistance. For average conditions this position
lies botwoon 4° and.6°

-

Preossure distribution and character of flow.— Flgure

6 shows the méasured pressure distribution and the flow
pieture for the angles 4°, 69, and -8°. The etagnation
point liés noar the leading.edge of the wotted surface.
The greatost portion-of the water stroeam flowlng up 1s
thus dovietod - downward while the portion.of the water
lying ahoad of the atagnafion point is prodected forward
ag spray. The maximun progsure, measured at the atag—
nation point rompins considerably below tho stagnation
pressuro, It is présumed that the full stagnation pres—
sure occurs within_ sp narrow a range that it does not
show up in the measurement.

"On account of the sharp—edge bYoundary. of the plan—-
ing surface the flow at the trailing edge already begins
to separateo at comparatively low speed and the water
continuos its downward motion behind the plate, thus
forming a depression which ig limitod sideways by two -
wave trains.coming from the sido edges of the planing
surface, The wave trains moet. behind the planing sur—
face ln the plane: of symmetry, and at the point of in—
tersection the water spouts up in the manner of a fountain.

- Tho transverse pressure drop produccs a cross flow
_which for a sufficient speed leads to the’ separation of
the wator also at the side edgee._ The eeparation ‘begine
in thoe forward region of tho pressure area eveh &t the
smaller spoeds,. on account of the relatively high pres—
sure or presgure. drqop that occurs there, ard with in-—
creasing speed oontinuee toward ths rear. The side spray
rices steeply near the eurface and then spr eads out
.1atera11y. : . - :
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Oenter of pressure.— If the trailing edge of the

planing surface is chosen as the. axis about which
moments are taken the moments on the planling surface,
according to figure 7 are

.G 11..r-|'--'-z_'-'_1. = ¥ 11, uh 8%

!

Under the action of the applied momeht at the loft
of the equation the planing surfacé trims-to an angle °
@ for which the hydrodynamic moment at the right 1is
equal to the applied moment. A plot of the moment coef—
ficlent dpn* ehows the varilation of the moment with

the. angla a, The greater the 4rim angle a the
smaller is the inerement AMy 5t in the moment required

to change the trim angle by an amount Aa.  The ratio

2 cmh 2
Jop__°omh e (o)
1 l/b cal

gives the posltion of the center of pressure if A 1is
essumed to be approximately equal to N. Accordlng to
the curve in figure 5 1Ip/1 = 0.77 with a tendency to

decrease a8 the angle a decreases.

The moment of the static 1ift determined according
to formula (3) 1s

: 1
Mgtat =_Astat;3f coB o

so that the dilstance. of the center of pieasurb is

Mgtat 1 - .ln :
lp = ————— & — — N
? " Tgat © 3 or - 0.333 (10)

The moment of the aerodynamicilifﬁ

2
udyn > Adyn ?? 1 cos o
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and the distance of the.center .of. pressure

{

1?>.o-.sss. ¥ (11)
if a triangular pressure distributlon with the maximum
1ift at the leading edge 18 zpproximately assumed, since
according.to the measured presBure distribution the center
of pressure lles always ahead of the center of pressure

of a triangular. pressure. distribution the lever arm of
which yould be 2/3 l cos a. -l : . . .

From equations (10) and (11) the following may be
sald about the.center of pressure travel: With in—- -
creasing trim angle (A and v heing conetant) the rgtio .
of static to total 1i1ft Agtat/A decreases and Ip/1

increases, as 1s confirmed by the preliminary tests.
¥ith increasing speed (1/b and a constant) the dynamic
l1ift increases with the dynamic pressure while the
static 1ift remains constant., The ratio of the latter
to the total 1ift therefore decreases and correspond-
ingly ip/! inoreases.

(2) Results of tho Tests with Planing Surfaces

(a).Lift

The 11ft A by analogy with the similar expression
used in anerodynamics may be expressed by the equation

In the case_oﬂ the airfoll the 11ft coeffilclent cg,

in the niddle range of the angle of amttack and for small
aspect ratlos, is proportional to the angle of attack «
and the dorivative dea/da = constant if 1/b = censtant.

If, for the experimental range of angles, the same as—
eumption is made for the planing surface (reference 7)
then

]

+« - dca

Ca e a = g @ (12)
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vhere the derivative 1s replaced by 'ca:s'Inforder to”

eliminate o as parameter, as would. be convenient “for-
a suitable representation of the 1ift coefficient, it 1s
therefore written

(15)

. The test curves:of figure 8 show that for the region
of high Froude numbers I* ‘'the assumption is sufficiently
Justified as a practical working hypothesls. Deviations,
from the stralght line law may be ascribed to the gravity
offect as wlll be further clarified below. If, in fig—.
ure 9 c, 1s plotted as a function of the aepect ratilo

1/ (reference 7),then from the foregoing considerations
the Froude number JX* will be the parameter. The

family of curves gilves the resulte for all the 1ift coef-—
ficlients obtained from the 33 test series indicated on
the figure. To bring out more clearly the scattering

of the points, since the plotting of all.the test points
would complicate the diggram, figure 9a shows the values
for the test series 2, 14, and 232 to 33 with F* = 3,74
the constant value. 4All values are well represented by
the heavy averaging curve.

In figure 9b the 1lift coeffleient values correspond—
ing to the tests of Sambraud (reference 5) have been
plotted. The wetted length 1 on the determlnation of which
the accuracy of ¢ mainly depends had to be obtained
by photographic measurements in:the Samdbraus tests gince
the high speed carriage did ‘not. permit direct observe—
tion.. .Since the fotward boundary: . of the pressure area
at high dynamic pressutres and small'loads, .such as were
moetly assumed by Sambraus, fluctuated greatly even for
an almost smooth' water surface,:{see-Sec. II,. 4 of ref—
erence'5) direct. observations as made in the.teste in tha
HSVA tank, 1h which:the fluctuatione ;may be well averaged,
are more reliable. The scattering must be 'greater the .
shorter the wetted length — that 1s, the smaller the as—
pect ratio of the planing surface. R Taking these condl-—
tions into considerdtion.it 1s poeeible to Bpeak of a
reaadénhble agreement between the two serles of tests
wlth the excoptlons of tests 2, 3, and 4 the coefficlents
.0f which ara about 16 percent higher. The coefficients.
of the othoer teet series of Sambraus 1ie 10 td 15 pereent
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higher..only .in the smallest aapect ratlo.range 1/b.=-0.7
to 1.2, agreo for the medium aspect ratio range l/b =
1.2 to 2.5, and become somewhat lesa at ‘the maximum "as—
'pect ratie 1/b = 3B, ‘

In figure 9¢ there are similarly plotted the coef~
ficlents of the tests by Shoemaker (reference 6), In
the American tests the wetted length was obtained by
mirror obgervation of the spray coming off at the sides,
This method, too, cannot lay claim to the same accuracy
as the determination dy direct observatlon of the for—
ward contour of 'the pressure area through a glass strip
inserted in .the plate. Correspondingly, there is a con-
slderable soattering of the values for ‘small aspect
ratlos 1/b <.1. the values'lying on the average below
those of the HSVA measurements so that in this range
the latter values average approximately those of Sambdraus
and Shoénaker. At large aspect ratios the measurements
agree. vory ‘'well since in this range an error in the .
determlination of the wetted .length only slightly affeaots
the value of the lift coefficlient. -

For Froude numbers F*Z 8.5 the efféct of gravity
is negligidbly small and the lift coefflcient o5 1is

determined by the empirical eguation

1 \—1 /2

cq = 0.845 <—5-/ (1{.)

In the:previous section it was established that -
the fraction-of the static displacement increasses wilth
decreasing trim angle ‘or increasing  aspect ratio., The
curves with different X* parameter therefore diverge
in the directlon-ii increabing z/b .

<. As a limit- of the pure planing condition-—that is,
when 'the sides of the planing surface begin to be wotted

at-the stop —there 1ls obtalned .a straight line passing
through the family of ocurves - ; .

- :. 1\-0.378 -*'f'
fg = 0.94 (T) _ (1:‘ 5 2 b,_‘j75> (18)

which at the samd time connects the mininums of the curves.
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flat plates of vdriocus ‘aspect ratios provide a means of
comparison betweed the planing eurfgce and an alrfoil.
In the tuble are given the eoeffipients of  the total

; Cy co8 w
lift.coefficient in the air eatot = —=————— a8 &
. m -
functlion of l/b for a = 10 Trom the preesure

measurement: {fig. 33 in- 'Winter's. paper) thers is ob—
tained by integrstion, for a = 9460 of the.pressure
distribution-on tpe top and bottom sides, the ratio of

11ft on the two sides Byot/Atop = g-gg or

Abot- = 0.38 Ayop- - - C e

if for the angle—~of—-attack range coneidered the above .

relation in the absence of pressurs distribution meas—

urement ot small angles of attack is assumed constant

with change in angle ‘of attack and aspect ratio. then:

the\at¢night line in figure 9b )

v - o \-1/8 ]
Cq ='0.91" } . (17) .

gives the change in the 11if coefficient oh_the bottom

slde of the flat rectangular plate in air. . Formulas -

(14) and (17) differ -only by the value of the constant’

and that to such a small extent that the 1lift coeffi-"
cients in air and water may bé..sald t0o agree as long as
the effoct of gravity is negligibdle. ;

-

; 3 dr .— The
~wind - tunnel-‘tests- Garried out by Vinter (reference 8) on
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e e Tlgb Bectangular Plgﬂe 1n Air

F = 0.500 m?, v = 28 m/s, ‘o = 20°
z/b ' ?“ Catot, .| . Sapet
0.5 - 0,676 3,36 1.27
.666 - | .520 2.93 1.14
.80 .468 2.64 1.03
X0 .412 2.2 .905
- 1.517 ° 1335. 1.91 © 745
.2 1 .300 1.69 - .66
2.86 - ,237 1,34 . .522
7.48 . ..185 .875 | .341

-

Comparison with the theory of Wagner and the re—

sults of Sambrgus.— On figure 9b 1s plotted the 1lift
coefflcient cq according to the Wagner theory for the
short plate. The ourve, which was .obtailned by neglect—
ing gravity, 1s to be compared wlth the curve from
formyla (14) for which the effect of gravity is negli-
gibly smell In the range of smell aspect ratios the
theoretical curve lies about 20 percent adbove that ob~—
talned from the test results where, however, 1t is to
be noted that in the theory, on the assumption of in-
finitely esmall angle of attack A,y has been set equal
to 0.5 Atot; whereas, for finite angles of attack the

pressure measurements of Winter give the ratio of
formula (16)., A complete. agreement between test and
theory 18 therefore not -to be expected. In the neigh—
borhood of /b = 2 the aurves intersect and diverge
with increasing aspect ratio.

In the case of long pla.ning surfaces (1/b 3 3)
there is8 good experimental agreement with the flat air—
foil in air (under the assumption ocgy . = 0.39 cgy )i

whereas the Wagner theory of the short plate does not
agree wlth the test results also for planing condltions

for which the effect of the earth's gravity is negligible. ’

(The theory of the long plate glves greater deviations
from the experimental results as shown by Sambraus.)
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‘The ‘conclusions of ‘Sambraus on- the‘'long flat plan—
’ing strface ( Summary pointes 1 to 3' in reference: 6) thus
find no confirmation whille poinT” 2™Ig"to~“be -supple—.—-. .._
mented by the statement that at high Froude numbers JF*?

the 1ift in the investligated range at constant aspect
ratio vnriee 1inearly with the trim angle but that with
decreasing Troude nuamber the 11ft ‘coefficient as a re—
sult of the increaeing, favorable, effect’ of gravity
increases so that d,,*/dy “~‘dbes not remain constant,

N

':q (b) Reaietance_,'
Fron formul& (Ba) there I8, obtained for. the frie—

tional coefficlent cg' = Uh]r Q. When plotting ce!

as a function of the Reynolds number . R = vi/v and com—

paring vith the results of pure friction meaeurements.
the following points .aTe to be noted:

l, The normal resistance Wﬁ’ obtained ty subtract—

ing from the medeured total ‘resistancé’ "W 18, in the
‘rangs of minimum resistance of ‘about the samée magnitude,
and for higher trim angles," coneiderably lafger than the
frictional resistance WR. Since the scattering con— -

tribution of the measurement on Wy 48 removed, the
ecettoring of cg' must be relatively large and in—
creases uyith increasing trim anglo.

11n the resentation here chosen .the Froude number

) * = v/Je (A/‘?)1 ie propertional ‘to the spéed’ and in—
verseiy proportional "$0' the sgqiare oot of & dimension
h which increases with increasing 1ift; namely,the 1ength

of an edge of the water cube in correspondence with the
phyeicnl interpretation of the- Froude aumber. The number
chosen by Sambraus ="¥/Jg b, which fulfills its pur—
pose as regards coneideratione of eimilaritm increases,
however, with decreasing width D, ‘also, for example,
when the wetted length remalns conetant with’ decreeeing

b .- . load This representation 1s not sultadle for the work
..under consl¥EFEfion, ' ‘¥ the . Bh.spupber.lses fig., 9b)

is used for the Sambraus: tests, it.appears that- the latter
only slightly exceed the I* range. of our own tests in

spite 6f hlgher. test -sheeds on- account of the applica—
tion of narrower plates, - ° - .. -~




: 2. The. scatbtering 18 increased Ddy: the. fact. that the
measurod value--of dheiwetted gurfacs ¥F. fluctuates .more
the -amaller the, value of - -l -that is. the larger’ the-
"amgle . . . - DL s .

' 3. The. vater throun up in front as spray partiglly
wots the bottnm»aunfacs and decreases the resistance y
(reference 4).., This thrust cannot’ be determined and is
thus not takon into aacoun& ! .

4, The total preéessure surface is used in the compu—
tation as the wetted -surface in splte of the fact that
the dircction of motion of the water particles at the
surfaco ahead of the stagnation line is forward and in
the sido regions has ‘a eido component.- .

. 5. Phe high pressure: region is nuperpoaed on the
frictional houndary leyer wilith the result of a decrease
in speed so that vy < v, :  This-deerease in speod is.mnot

taken into account.

6. The Reynolds lav asgumes geometrical similarity
,.of the flow, This requiroment is not satisfied since. it
is possiblo that the.wetted length .1 .and hence also

R may .bo.constant for varioua loads,whereas the trim
angle and honce the presaure and velocity distribution
are &ifiorent

In figure 10 are plotted tho currea for the sqries
of tests 1 to-33. It may be seen that in-spite of the
above rostrictions the values of op' are'relatively
well represonted. by ‘the gurve givon by. Prandtl (rofer—
ence 9) for the turbulent boundary 1ayer with praceding
laminar’ layer. . _ —

oo = . 0,455

;-1709/3 . .(18)

1 4t is teken into account that the scattering that
underlies the Prandtl curve 1s-likewise not small.

The méasurements were partly conduoted in completely
qulet water: namely at: the beginning of the tests and
after long intervals and partly in water with a slight
-amount of motidn. The relative